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Over the past few decades, the foreign liabilities of the majority of countries in Sub-Saharan Africa have grown dramatically, propelling most nations into the status of Highly Indebted Poor Countries, when these liabilities reached unsustainable levels in the 1990s. At the same time, increases in capital flight from the region followed a parallel trend, leading scholars to draw on "revolving door" models to explain the apparent positive covariation of external debt and capital flight in the region. This paper investigates the causality between external debt and This paper-a product of the Poverty Reduction and Economic Management Division, The World Bank Institute-is part of a larger effort in the department to understand the dynamic interaction between capital flight and external with a view of enhancing domestic resource mobilization in support of growth and poverty reduction in Post-HIPC Completion Point countries in Sub-Saharan Africa. Policy Research Working Papers are also posted on the Web at http://econ.worldbank. org. The author may be contacted at hfofack@worldbank.org.
capital flight in a cross-section of Sub-Saharan African countries using co-integration and error-correction models. Although dual causality, which is consistent with the revolving door hypothesis, cannot be rejected for the majority of countries, empirical evidence highlights the lead of external debt over capital flight. The significance of error-correction terms points to a long-run cointegrating relationship between external debt and capital flight in a large number of countries.
I. Introduction
Over the past decades, external debt and capital flight have come to symbolize two faces of the same coin in the development puzzle. In Sub-Saharan Africa, the means and distributions associated with these two series have grown unabated, with the cumulative stock of capital flight markedly exceeding the stock of external debt in a large number of countries [Ndikumana and Boyce (2008) ]. 2 While the dramatic increase in external debt is to a certain extent understandable, especially given the recurrence of balance of payments crisis and external disequilibrium in the majority of low-income countries faced with negative terms of trade shocks, the sustained increases of capital flight-the voluntary exit of private residents' own capital either for safe haven or for investment made in foreign currency-is less obvious; in part because the majority of developing countries confronted with massive outflows of resources are also highly capital-scarce.
The covariation of external debt and capital flight, reflected in concurrent increases in the two series, is neither new nor restricted to the Sub-Saharan African region, however. At the height of the debt crisis that emerged from the near insolvency status of many countries in Latin America in the 1980s, and later posed a major threat to the international financial system, Nicolas Brady, then US Treasury Secretary, recommended that measures contemplated by international financial institutions to address that crisis "placed special emphasis on the design of new policies that could stem and indeed reverse capital flight" [Pastor (1990) ]. 3 Naturally, the underlying assumption of this policy prescription is the existence of a possible one-to-one correspondence between the rising stock of external debt and capital flight. Implicitly, it suggests that the latter may be driving the former, a scenario that a growing strand of the literature has characterized as 'revolving door' or 'round tripping ' [Pastor (1990) , Boyce (1992) ].
Although the correlation between capital flight and external debt may not necessarily be perfect, it is difficult to rule out a priori the existence of a positive association. Under this time-dependent relationship, massive outflow of resources in the form of capital flight may continuously fuel the debt cycle; alternatively resource inflows in the form of external debt may provide the foreign reserves needed to sustain capital flight under the "round tripping" or "revolving door" hypothesis.
Take two extreme cases of countries in Sub-Saharan Africa, Botswana, one of the few non-HIPC countries in the region, with a very low external debt-to-GDP ratio, and at the other end of the spectrum, the Congo Republic, which had a very high external debt-to-GDP ratio prior to reaching the Completion Point under the Enhanced HIPC Initiative. 4 In spite of the very similar initial conditions of these two countries-relatively small population size and natural-resources rich-they have followed a divergent path on the foreign liabilities landscape. While the Congo Republic has a debt-to-GDP ratio averaging 155 percent and a cumulative stock of flight capital to GDP in excess
The application of the error correction Granger causality model to the time series supports the existence of a causal relationship between external debt and capital flight in Sub-Saharan Africa. In particular, the results show that external debt and capital flight are co-integrated in the majority of countries, with past values of external debt having explanatory power over capital flight in most countries. This result further supports the established "round tripping" hypothesis. However, the reverse causality from capital flight to external debt is equally strong in a number of countries, especially when the standard Granger causality model is adjusted for error correction, pointing to the existence of a possible dual causality between capital flight and external debt in a large number of countries.
This causal relationship is also supported by nonparametric tests. In particular, the one-sided alternative under the Spearman Rank Correlation test easily rejects the null hypothesis of independence in favor of the alternative direct association whereby large values of capital flight are likewise associated with large values of external debt. This last result implies that the ordered sequence of external debt and capital flight is not random. Non-randomness implies dependency where there is a strong tendency towards co-movements with the distributions underlying the two series following the same trend.
5 See Table 1 in the Annex for more details. 6 Note that a number of studies have also raised the prospects of indirect linkages, whereby external debt accumulation and capital flight could independently be driven by exogenous factors such as poor macroeconomic management. However, empirical tests do not support the independence argument. 7 The model found debt disbursements to be a highly significant determinant of capital flight in the Philippines. In a reverse causality the model finds external debt to be significant and positively affected by capital flight, suggesting that capital flight is a determinant of external debt.
The remainder of the paper is organized as follows. The next section focuses on empirical analysis and particularly uses a nonparametric method to infer on the nature of the association between the distribution of external debt and capital flight. Section III discusses a methodological approach to infer on the causality between capital flight and external debt, with emphasis on error correction Granger causality models. Section IV discusses empirical results and policy implications. The last section concludes.
II. Data Analysis
The external debt series is obtained from the World Bank Debt The resulting capital flight series is very comprehensive in its coverage; it includes low and middleincome, HIPC and non-HIPC countries, from a large cross-section. Though debt overhang and subsequent relief predominantly concerns low-income and severely indebted countries, capital flight affects both low-and middle-income countries in the region. Hence, the sample has 40 countries, accounting for most of the region's foreign liabilities and capital flight, reflecting the inclusion of leading capital flight candidates in the sample. 10 The two series are annual averages spanning the years 1970-2004, included. 11 In particular, they cover the decade that saw a number of countries accede the HIPC Completion Point. In this regard, they provide the basis for assessing the dynamics of capital flight during the HIPC era. Additionally, the comprehensive coverage makes it possible to investigate the dynamics of capital flight across region, controlling for external debt.
This section focuses on the dynamics and dependency structure of capital flight and external debt. The empirical analysis assumes that the movements underlying these two series follow a bivariate distribution symbolizing the two faces of the same coin. Though this assumption of time-invariant pairing may appear as relatively strong, I would propose that we abide by it for now and then subject the coin to tossing; so that we can explore the dynamics interaction or path-dependency of the two series using graphical and nonparametric methods. The graphical method draws on a scatter plot diagram to assess the nature of the association between the two series. In contrast, inference from nonparametric methods is based on the Spearman Rank Correlation test, which does not necessarily require imposing any functional distribution to the data [Gibbons (1996) ]. This test assesses whether the two series are dependent or alternatively not identically distributed.
8 This new series is based on a more refined methodology which adjusts the change in external debt to account for debt write-offs within the Enhanced HIPC initiative. In addition, this revised series is adjusted for underreporting of remittances. For further details on estimation, see Ndikumana and Boyce (2008) . 9 As a result of this discrepancy, capital flight is often recorded as errors and omissions in the Balance of Payments statistics [IMF (2006) ]. 10 For instance, the 40 countries account for more than 96 percent of total stock of external debt owed by the region to the rest of the world. The sample selection is due to limited data. The few countries not sampled include: Equatorial Guinea, Eritrea, Gambia, Guinea Bissau, Liberia, Mayotte, Namibia and Somalia. 11 However, there are sample variations across countries which result in an unbalanced design.
Naturally the "revolving door" or "round tripping" hypothesis will hardly stand any test of validity if the distributions underlying the movements of the two series are independent and identically distributed. In theory, the independence assumption would imply that the distribution underlying the movements of capital flight, let say in the Congo Republic, would be the same, irrespective of the country's debt profile, and the scale of capital flight unaffected by the distribution of external debt, including in the extreme case of complete absence of external liabilities.
Intuitively, such a strong independence assumption would be difficult to defend. One just needs to look at the conditional distribution of foreign reserves given the level of external debt in any small country that is highly vulnerable to terms of trade shocks and is a price-taker in the global market. In principle, the risks of balance-of-payments crises which are the primary motivations for external financing in the majority of low-income countries are less likely when a country is enjoying a strong and growing reserves position. For instance, if t R and t E represent the level of foreign reserves and external financing in a given year t , respectively, then the distribution of foreign reserves conditioned on external indebtedness under the independence assumption can be represented by:
Equation (1) provides a functional representation under the independence assumption. Yet as a result of structural current account deficits and consistent with the symmetric argument-net international debt is the accumulation of current account deficit over time-countries which saw their foreign reserves base dwindle to a couple of months of imports often rely on external financing to maintain the minimum cushion required to secure the continuity of imports [Griffith-Jones (2007) ]. 12 Hence and consistent with economic theory, this symmetric argument may actually contradict the independence hypothesis on both empirical and theoretical grounds.
At the same time, the curve associated with the movements of capital flight followed a continuously rising trend, suggesting that private residents continue to increase their holding of foreign currencydenominated assets, just as the reserve base was shrinking. Interestingly, the rising trend of capital flight in a context of deteriorating reserve position is consistent in HIPC and non-HIPC countries, though it is more pronounced for the latter, particularly from the mid-1990s onward (see Figure 1 ).
In this regard, the sustainability of a minimum threshold of reserves depends on the accumulation of external debt, which increases the supply of foreign exchange needed to secure imports and holdings of foreign-currency denominated assets. In other words, though the functional representation of foreign reserves may depend on a host of factors, including productivity growth, exports competitiveness, real exchange rate alignment, it cannot be completely independent of external debt for small economies vulnerable to terms of trade shocks because these economies are generally undiversified and less competitive. This should further contradict the independence assumption. In spite of the rapid accumulation of debt owed by countries in the region to the rest of the world, cumulative capital flight, though marginally smaller than external debt in the early 1970s, grew more rapidly and has been uniformly superior to the cumulative stock of debt, with the gap between the two distributions widening over time.
The acceleration of flight capital is reflected in the curve of the distribution associated with movements of capital outflows. It has the steepest slope and curvilinear shape. In fact, since the 1970s, the distribution of capital flight has grown unabated. Furthermore, the growth rate has remained strong and increased even more after the 1980s, despite the occurrence of negative spikes in a few countries (net inflows) and irrespective of the macroeconomic environment. 13 In effect the flows distribution reveals the occurrence of spikes of negative outflows (net inflows of capital and repatriation) in the early 1980s and late 1990s. 14 However, these negative spikes did not affect the aggregate distribution of capital flight, as illustrated by Figure 2 . Probably, the impressive and sustained growth could be due to compounded interest payments and to the fact that spikes of net inflows were confined to a limited number of years and countries. In fact, the reversal in flight capital was short-lived.
The unrelenting increase may therefore also reflect the return to accelerated growth rates in the late 1990s. These risks of undermining the development impact in countries which have reached the Completion Point under the HIPC Initiative are all the more important because when the distribution of capital flight is controlled for external debt, it shows a contrast between low-income and relatively highincome countries. At the lower end of the distribution, the countries with the lower debt ratios, which have relatively high per capita income, exhibit some of the lowest capital flight estimates. In fact flight capital is negative in a number of higher-income countries. At the same time the majority of countries with the highest scale of foreign liabilities are also saddled with a large scope of capital flight. This dichotomy at the continental level almost mirrors, and to certain extent generalizes the contrast between Botswana and the Congo Republic alluded to earlier. This contrast is illustrated by Figure 1 in the Annex.
This figure provides a scatter plot of external debt and capital flight for these countries. A liner regression line is fitted to the scatter plot, with capital flight on the axis y  , and external debt on the axis x  . The increasing slope of this line supports the positive association between capital flight and external debt, with the two series rising concurrently. Even though external debt and capital flight are expressed as a percentage of GDP for cross-countries comparisons, estimates of real capital 13 For instance a close look at the distribution of the ratio of capital flight over external debt expressed in per capita terms shows a consistent increase since the 1970s, irrespective of the HIPC status. And the gap between the two distributions appears to be larger in the early 1980s and mid-1990s when countries embarked on the structural adjustment program, suggesting a deceleration in capital flight in low-income and HIPC countries. 14 Interestingly, the spikes of negative outflows (capital repatriation) occurred in the early 1980s, during the initial phase of structural adjustment programs and in the late 1990s within the context of the HIPC Initiative. For further details, see Table 1 in the Annex. flight are markedly above the regression line for the majority of low-income and severely indebted countries, suggesting that excess foreign liabilities is indeed correlated with higher rate of capital flight in these countries.
In particular, Zambia, which acceded to debt relief under the HIPC initiative in 2006, is almost an outlier. It has one of the highest capital flight-to-GDP ratios and one of the highest external debt-to-GDP ratios. Mozambique is another sampled country that mirrors Zambia, particularly on the scale of external debt. It has the highest ratio of external debt-to-GDP (over 170 percent). On the other hand, flight capital and external debt fall below the regression line for a number of countries which have lower debt ratios. In particular, Botswana which has the lowest debt ratio has interest rate adjusted real stock of capital flight estimates of about 50 per-cent of GDP. Interestingly, the few lowincome countries which enjoy negative flight and repatriation (Benin and Senegal) also have low debt ratios and are leading recipient of remittances. 15 More generally, the regression line fitted to the data under the linearity assumption points to a positive correlation between external debt and capital flight. The generalization of this apparent positive correlation between capital flight and external debt observed in the Congo Republic to a large number of countries in the region suggests a path-dependency. This dependency is further investigated by comparing empirical distributions underlying the movements of these two series using the Spearman Rank correlation analysis. The Spearman Rank correlation is a nonparametric test, which assumes that the data consists of n pairs of observations, 
Inference from the Spearman Rank Correlation coefficient is based on the following rank correlation statistics:
This rank correlation is a descriptive statistic that reflects the degree of association between sample pairs of observations [Gibbons (1996) ]. 16 And to the extent that external debt and capital flight are considered two sides of the same coin in the proposed experimental design, this statistic can be used as the basis for testing the existence of a possible association between these two variables. It varies between
When there is no relationship between the variables, they are independent and the movement of one of the variables has no effect on the other. In this case the statistics takes the value
On the other hand it takes a positive value when there is a direct association and a negative one when there is an inverse association. In the case of a perfect association, the statistic takes the 
A value of R this large calls for the rejection of the null hypothesis of independence in favor of the alternative direct type of association between capital flight and external debt. This result is further supported by the right-tail probability value of the statistics. In particular, the p-value in the right tail is less than 0.002, suggesting significance at the 1 percent level. In other words large values of capital flight are associated with large external debt; and smaller values of capital flight are associated with lower external debt in the sub-sample of countries. The next section provides an overview of the methodology used to investigate the causal relationship between the two variables.
III. Methodology and Estimation
Let the time series t K and t D represent the stock of capital flight and external debt, respectively. [Granger (1969) ]. A priori, there is no reason to go against the underlined hypothesis of dual causal relationship. Existing studies have found that, on one hand, capital flight either drives or fuels external borrowing (flight-driven and flight-fueled external borrowing); while on the other, external borrowing either drives or fuels capital flight (debt-driven and debt-fueled flight). 18 Under this assumption, short-run causality between capital flight and external debt can be assessed by running a two-way causality test on the two series.
17 Such association might be called direct because the variables are moving in the same direction. In an inverse relationship, the variables move in opposite directions-large values of one variable are associated with small values of the other, approaching perfect disagreement. 18 Debt-driven capital flight refers to a situation where excess external borrowing motivates the intent of private residents to shift their own capital abroad to escape confiscation risks, inflation tax or outright depreciation in case of currency devaluation. Debt-fueled capital flight refers to a situation when borrowed funds are directly transferred abroad. Under this scenario, external debt provides the resources and motivations for capital flight. Capital flight-driven external borrowing refers to a situation when continued outflow of funds There are many reasons why the hypothesized dual causal relationship may hold in Sub-Saharan Africa. After all, the shortage of foreign reserves in the majority of undiversified commoditydependent economies facing chronic balance-of-payments crises in the region is such that countries have had to continuously rely on external borrowings, in the form of official development assistance or private capital inflows, to secure access to foreign reserves. In turn this mode of deficit financing may enhance the acquisition of foreign-currency denominated assets via the capital flight channel, resulting in debt-fueled capital flight.
At the same time, unceasing capital outflows from Sub-Saharan Africa may entertain current account deficits, and hence lock countries in the vicious circle of continued recourse to external indebtedness to bridge the ever growing financing gaps-the flight-driven external borrowing. Meanwhile the revolving door may also be self-contained in a uni-dimensional setting, especially in a context of unproductive public investments and when the growing cost of external debt services increases the demand for foreign exchange.
Additionally, the causal relationship between capital flight and external debt may be reinforced by the asymmetric response of foreign creditors and private domestic agents to country risk. While the majority of foreign creditors extending loans to developing countries benefits from an implicit insurance coverage provided by government guarantee of automatic payment in case of default under the sovereign state doctrine of "governments do not go bankrupt", private domestic agents in debt-saddled nations confronted with current account and fiscal deficits do not enjoy the same protection, even for licitly acquired assets. In fact economic agents in severely indebted countries face inflation tax, confiscation risk and real depreciation of domestic assets particularly when outright devaluation of a local currency is contemplated to mitigate external disequilibrium. 19 Furthermore, the implicit insurance coverage extended to external creditors may nurture the culture of moral hazard at the global level, especially when access to foreign reserves is systematically secured from international financial institutions by countries running large balance-of-payments deficits [Lane and Phillips (2000)]. Overtime the sovereign state doctrine and the systematic coverage provided under the international financial architecture have reduced incentives for foreign creditors and borrowing countries to take preventive measures against debt overhang. Ultimately, this option has only reinforced the sustainability of the debt-driven capital flight hypothesis.
However, the asymmetric response of domestic and foreign creditors to country risks is likely to remain strong even outside the umbrella of the international financial architecture. Threats in the form of trade sanctions and ineligibility to foreign assistance are a powerful deterrent for countries which may be contemplating a default on their external commitments [Jayachandran and Kremer (2006) ]. This asymmetry in the treatment of foreign and domestic creditors has been reflected in the accumulation of arrears to domestic suppliers by governments in the majority of countries in the region while remaining current on their external commitments, in spite of the direct economic and welfare costs of the former [Christensen (2005)]. 20 creates a financing gap bridged through external financing. Finally flight-fueled external borrowing refers to a situation in which domestic residents' exported capital is borrowed back under the round tripping hypothesis. 19 Over the years, devaluation has been at the core of stabilization programs implemented in low-income countries. In particular, the preference of this policy scheme has been largely motivated by its underlined effectiveness in reducing domestic expenditures and changing the composition of expenditures between foreign and domestic goods, as part of expenditure-switching and reducing measures [Rodrik (2006) ]. 20 In particular, domestic arrears have direct impact on output growth and domestic production. They also crowd out private sector lending when domestic debt becomes excessive.
More recently however, the concept of odious debt has been articulated in the economic literature to correct this asymmetry and align foreign liabilities with net benefits accruing to recipient countries. In the meantime, the asymmetric response of foreign creditors and private domestic agents to country risks, and the systematic bias in the treatment of creditors by developing countries' governments have strengthened and even sustained the hypothesized dual causality between capital flight and external debt, warranting further investigation of a possible long-run relationship.
In what follows we outline a four-step approach to investigate that relationship using cointegration techniques-modified standard Granger causality test. In the first stage, we apply the standard Granger causality test, which is designed to analyze bivariate weakly stationary stochastic processes to the joint distribution of capital flight and external debt. 21 This test can be formally represented by the following vector autoregressive (VAR) system:
If there is only a one-way causality, let say, t Although capital flight may be motivated by other factors-such as interest rates differentials, quality of governance, institutions and development of the financial market-the proposed bivariate model focuses exclusively on capital flight and external debt relationships, and does not account for these factors. However, the significance of these factors is likely to vary across countries; and it is expected that the white noise error term in the above equation would capture the variation of capital flight (external debt) that is not fully explained by changes in external debt (capital flight).
Despite the interest and various applications of this test, its suitability is limited when a time series has unit root because the transformation to stationarity by mean of a difference filter may alter the nature of the long-run relationship that is of interest [Agénor and Taylor (1993) ]. In particular, the hysterisis in capital flight illustrated by persistent increases in capital outflows even in the face of improved macroeconomic environment-reduction of fiscal deficits and macroeconomic volatility-may suggest a long-run relationship and stability of the hypothesized dual causality.
In the second stage, we apply a unit root test to the data under the null hypothesis of stationarity around a deterministic trend against the alternative unit root. We use the Phillips-Perron nonparametric test, which accommodates models with a fitted drift and a time trend to discriminate between unit root nonstationarity and stationarity about a deterministic trend. The test is applied to the two series across the 40 countries. Table 1 summarizes the results, highlighting cases where no cointegartion relationship exists between real external debt (RED) and real capital flight (RKF). 22 In particular, when the unit root test is applied to the capital flight series, stationarity is present in only one country. However, when it is applied to the external debt series, stationarity is detected in three countries. The co-integration technique also provides a useful statistical definition of long-run equilibrium underpinning the movements of two non-stationary time series. 24 In particular when the linear combination of 1 x and 2 x is a stationary stochastic process, the two variables are said to be in a 'state of statistical equilibrium'. On the other hand, when this condition is not met, the two series do not display any tendency towards direct co-movement, whereby large values of capital flight are likewise associated with large increase in external debt. However, if the tendency towards co-movement persists in the long run, then the series should be co-integrated with the co-integrating parameter
In principle, when this condition is satisfied, short-run divergences tend to be eliminated by equilibrating forces, and the long-run tend towards co-movement is unaffected. For instance, the occurrence of spikes of negative capital flight under concurrent increase in external debt will not affect the long-run causal relationship between the two series. In addition to testing for stationarity, the Phillips-Perron unit root test also provides information on the co-integrating nature of movements underlying the distributions of time series. This procedure is complemented by the Johansen test (last column of Table 1 ).
Highlighted countries indicate non existence of a co-integration relationship. Consistent with the Phillip-Perron procedure, the Johansen test rejects the null hypothesis of non-co-integration relationship between the two series in 9 countries, further supporting the alternative existence of a co-integration relation in 31 countries. The co-integration relationship in the larger sub-sample implies that past values of external debt (capital flight) affect changes in capital flight (external debt). For countries falling in this category, the null hypothesis is easily rejected at the 5 percent level of significance in favor of the alternative co-integrating relationship.
The presence of a co-integration relationship in a large number of countries supports the hypothesized causal relationship between capital flight and external debt. However, the nonstationary nature of these time series calls for the inclusion of error correction term to the standard Granger causality test [Engle and Granger (1987) ]. This correction is implemented in the last stage in the procedure. Consider a vector of observations on ) 1 ( nI time series, t X , which are co-integrated with co-integrating vector  , i.e. 23 The uniqueness of this parameter is guaranteed only in the bivariate case. According to Engle and Granger (1987) , there may exist up to n-1 distinct co-integration combinations among the set of n variables. 24 Though, Toda and Phillips (1994) have found that Granger causality tests in error correction models suffer from nuisance parameter dependencies asymptotically and, in some cases nonstandard limit theory. 25 Equation (5) provides an error correction representation of the standard Granger representation theorem, where In the short run, deviations from the equilibrium will feedback on the changes in t X in order to force the convergence towards the equilibrium. If an element of the X vector is being driven directly by the equilibrium error, then it is responding to feedbacks. However, if the th n element of  is zero, then the th n element of t X is responding only to short-term shocks generated by the stochastic environment. Thus errorcorrection augmented vector autoregression estimates allow a distinction between short-run and long-run causality.
When co-integration is detected, inference from Granger causality is based on equations (6) and (7), which are a modified version of the standard test.
Equation (6) tests the causality from external debt to capital flight, while equation (7) tests the causality from capital flight to external debt. However, when a co-integration relation cannot be detected, the standard Granger causality test applies and there is no need for error-correction. In this context, the co-integrating equation is not included in the estimation set and
. Still, estimating the parameters in equation (6) and (7) is facilitated by a prior knowledge of the optimum lag order in the VAR model. This optimum lag length of vector autoregression system is determined by minimizing the Akeike Information Criterion (AIC) [Akaike (1969) ]. 26 The results of the Akeike test procedure are reported in Table 3 in the Annex. The estimated number of lags is relatively low for a large number of countries under this criterion. This suggests a rather strong positive association between external debt and capital flight whereby time lag between inflow and outflow of funds is short, further supporting the debt-fueled capital flight hypothesis under revolving door models [Ajayi (1997) , Ndikumana and Boyce (2003)]. Interestingly enough, the optimum lag takes on the value of 1 for the leading capital flight candidates in the sub-region (Angola, Democratic Republic of Congo, Cote d'Ivoire and Nigeria).
IV. Empirical Results and Policy Implications
In theory, when the series t K and t D are co-integrated, the co-integrating term
is stationary. The inclusion of this term in equation (6) and (7) , do not. The choice of this alternative is motivated by the fact that the observed causality between the two series may be driven by trend uniformity in the two distributions. In principle, the probability of no causality should converge to zero when the underlying variables have a common trend.
The scope of policy options increases under this alternative. In particular, the inclusion of the error correction term in the model expands the range of tests, from the two-by-two dual causality to a wider range of options. 27 These tests account for the error correction term when capital flight is the dependent variable, and alternatively when external debt is the dependent variable and capital flight is part of the right hand side variables in the model. Inference is also based on joint effects, when assessing the combined effects of error correction and external debt on capital flight on one hand, and the effects of error correction and capital flight on external debt, on the other. In each case, inference is based on the F-statistics, which is estimated by comparing the residual sum of squares under the unrestricted model with the residual sum of squares under the restricted one
However, in the absence of a co-integrating relationship, the standard Granger causality test applies. Nine countries fall under this category. The results of the standard Granger causality analysis applied to these countries are provided in Table 4 in the Annex. They reveal the existence of a dual causal relationship between capital flight and external debt in two countries. In particular the F-test easily rejects the null hypothesis that external debt (capital flight) does not Granger cause capital flight (external debt) in these countries. The F-test results are shown in the first row followed by tails probability estimates (p-values) right below.
The test is repeated up to the maximum number of 5 lags for each country. In Mauritius, the null hypothesis is rejected at the 1 percent level of significance in the fourth lag when the causality runs from capital flight to external debt. The results and direction of causality are consistent in subsequent lags. Similarly, the null hypothesis is rejected at the 10 percent level of significance when the causality runs from external debt to capital flight, suggesting the existence of dual causality between capital flight and external debt. Interestingly, these empirical results are consistent with the hypothesized dual causal relationship [Ajayi (1997) , Ndikumana and Boyce (2003) ].
However, in a number of countries, empirical tests either suggest a unidirectional causality or fail to reject the null hypothesis of non-causal relationship. For instance the causality runs exclusively from external debt to capital flight in both Mali and Niger. Under this uni-directional alternative, the null hypothesis is rejected at the 10 and 5 percent level of significance in Mali and Niger, respectively, further suggesting that external debt Granger causes capital flight. Moreover, the relatively low lagged order points to short-run responses of capital flight following accumulation of foreign liabilities. This response rate is consistent with the debt-fueled capital flight hypothesis, whereby inflow of resources 27 The initial set of options for inferring on the nature of the relationship between external debt and capital flight would include the case where external debt Granger cause capital flight or fails to do so; and the reverse case where capital flight Granger causes external debt or fails to do so. 28 In general, the F-statistics is derived from the Wald procedure using the following formulation: The error correction model is applied to the remaining nonstationary time series. This model accounts for dual causality and for the deviation from the equilibrium. More specifically, changes in the capital flight series t K from the previous period consist of changes associated with movements of external debt t D along the long-run equilibrium path plus the part that is due to deviation from the long-run equilibrium [Engle and Granger (1987) ]. Inferences from this alternative model are based on the different hypotheses summarized in Table 2 . While hypotheses testing in the first row refers to the case where causality runs from external debt to capital flight (equation (6)), test specifications in the second row refer to the reverse case when the causality runs from capital flight to external debt. 30 Based on Equations (6) and ( The first test (top and left quadrant) infers on the implications of the error correction term on capital flight; the second test (first row and second column) infers on the implications of external debt for capital flight; while the third test (first row and third column) focuses on the joint effect of error correction and changes in external debt on capital flight. Tests in the second row follow the same logic except that external debt is used as the response variable and inference is based on factors that Granger causes external debt to change over time. The results of these tests are summarized in Table  3 . More detailed results with estimated F-statistics and p-values are provided in Table 5 in the Annex.
29 According to estimates derived by Ndikumana and Boyce (2008) , approximately 60 cents of every dollar accruing to the Africa in the form of external borrowing in the period 1970-2004 left the continent the same year. 30 In the past most studies investigating the nature of the association of between capital flight and external debt have drawn on standard regression techniques whereby external debt (capital flight) are alternatively used as regressors in a set of right-hand side variables to identify the determinants of capital flight (external debt) in developing countries. For instance, Lensink, Hermes and Murinde (1998) single out external debt as one of the key determinants of capital flight in Sub-Saharan Africa. Similarly, Pastor (1990) and Mikkelsen (1991) found external debt to be a significant determinant of capital flight in Latin America. Source: Author's calculations.
The results support the existence of a uni-directional causality between external debt and capital flight. Uni-directional causality is present in 9 countries to which the error correction model is applied. The results are robust under the restricted model when the null hypothesis is considered with 0  i  . The null hypothesis that external debt does not Granger cause capital flight is rejected in the majority of countries in favor of the alternative which supports the existence of uni-directional causality running from external debt to capital flight. For most countries where causality is present the F-statistics is relatively large and the null hypothesis is easily rejected at the 10 percent level of significance or lower.
Additionally, the consistently positive sign of the coefficient associated with changes in external debt in the error correction model, even in countries where the null hypothesis fails to be rejected, further supports the existence of a direct association between external debt and capital flight. In fact the positive association detected from empirical analysis is sustained under the Granger causality test, suggesting that increases in external debt tend to contribute to capital flight acceleration. The signs of the coefficient associated with the error-correction term are also consistently positive and the null hypothesis of non-causality is rejected in the majority of countries.
Likewise the null hypothesis of a non-causal relationship between external debt and capital flight is rejected when the joint effect is investigated (intersection of first row and third column in Table 2 ). Under the joint-effect, the null hypothesis assumes that neither the error correction terms, nor the changes in external debt affect the distribution of capital flight. This hypothesis is also rejected in the majority of cases (15 countries) at the 10 percent level of significance or lower. Moreover the signs of the coefficient associated with the joint effect are invariably positive. These results are consistent with inference from the marginal distribution, when the coefficients associated with error correction terms and external debt turn out to be highly significant.
The unidirectional causality, whereby external debt Granger causes capital flight in the majority of countries highlights the lead of external debt over capital flight in Sub-Saharan Africa. In the past, this lead has equally been supported empirically. In particular, Lensink, Hermes and Murinde (1998) found external debt to be a significant determinant of capital flight when a standard regression analysis was applied to a subset of pooled data selected from the region. Under this lead, external debt tends to either drive or fuel capital flight in the region. Hence external debt may emerge as the heads driving the tails in the co-integrating relationship captured by the two faces of the same coin analogy alluded to earlier in the introductory section. 31 The significance of the error correction term under different modeling specifications, particularly when the causality runs from external debt to capital flight points to the existence of a long-run causal relationship between the two series. For the majority of countries, the null hypothesis is easily rejected at the 5 percent level of significance, implying that external debt does indeed Granger causes capital flight. Note that the error correction term allows the long-run components of co-integrating variables to obey equilibrium constraints under the alternative to the standard Granger causality [Engle and Granger (1987) ]. The significance of the error correction term therefore implies that disequilibrium from co-movements tend to be corrected in sub-sequent periods.
Similarly, the significance of the causality test holds when the modified Granger causality test with error correction runs from capital flight to external debt. The different hypothesis tests underlying this reverse causality are summarized in the last row of Table 2 . Of particular interest are inferences of error correction term on capital flight. Under this reverse causality, the null hypothesis that capital flight does not Granger cause external debt is rejected in ten countries. Interestingly the power of the test is relatively large, and the null hypothesis is rejected at the 10 per cent level of significance or lower in numerous countries (see Table 5 in the Annex).
However, there is some improvement when the restricted model is adjusted to include the error correction term. Under this adjustment, capita flight grander causes external debt in a large number of countries. In the remaining countries where the error correction term is not significant, the co-integrated structure of the two variables suggests that external debt may be weakly exogenous. In particular, the signs of the coefficients associated with the right-hand side variables (error correction terms and capital flight) are all positive, further supporting the positive association, whereby increases in capital flight might be associated with or followed by a correlative increase in external debt and vice versa.
These empirical results notwithstanding, causality does not necessarily imply a one-to-one correspondence between external debt and capital flight, however; a scenario which may single out foreign aid as the exclusive conduit for capital flight and implicitly assumes that the latter might have motivated the recourse to external financing in the first place. In practice the accumulation of foreign liabilities originated from the recurrence of balance-of-payments crises following succession of negative terms of trade shocks in commodity-dependent economies. Moreover, the excess of flight capital over external debt in a large number of countries suggests that the pool fueling the former may surpass the foreign liabilities landscape to include country's own resources, raising concerns related to governance and accountability in the uses of public resources. 32 Intriguing still is the dramatic increase of foreign liabilities which have resulted in debt overhang, with tremendous economic and welfare costs, in the face of excess flight capital [Elbadawi et al. (1997) , Pattillo et al. (2004) ]. 33 In particular, the cycle of external indebtedness stifled economic growth without necessarily mitigating the exposure to negative shocks. Over time, the recurrence of negative terms of trade shocks locked the majority of countries in an infinite loop of foreign indebtedness. Additionally and by the established causality, the inherent vicious circle of external indebtedness fueled capital flight which further compounded the problem, dwarfing the limited resources from already capital-scarce countries. In fine, most of these countries found themselves caught in the debt poverty trap [Easterly (2002), Artadi and Sala-i-Martin (2003) , Fofack (2007) ]. 34 Reflecting the prohibitive costs of debt overhang, the HIPC initiative was launched in 1996, and has since lowered the stock of external debt and debt service payments in a number of countries. Nevertheless, while accession to debt relief may broaden the government fiscal space, stemming and even reversing capital flight to effect massive investments under the 'Big Push' model may be essential to achieving export diversification and increasing fiscal revenue while at the same time raising the HIPC overall effectiveness [Dornbusch (1991) (2003)]. 33 In particular, Elbadawi, Ndulu and Ndung'u (1997) provide a good overview of implications of debt overhang for economic growth in Sub-Saharan Africa. 34 The macroeconomic and welfare costs of capital flight for low-income countries are significant, and have been documented extensively [Pastor (1990) , Dooley and Kletzer (1994) , Ajayi (1997) , Ndikumana and Boyce (2003) ]. In the short run, massive capital outflows are likely to undermine growth when private capital formation are delayed or simply hindered as a result of drainage of national savings. In the medium to long term, delayed expansion of gross capital formation and investment may cause the tax base to remain narrow, and even shrink in a context of assets decumulation, and ultimately undermine public investments which are complement or/and catalyst for private capital formation [Agénor et al. (2003) ]. Naturally and to the extent that capital flight may encourage external borrowings, debt service payments will increase and further compromise public investment. Furthermore, capital flight may have adverse distributional consequences on the overwhelming majority of poor in low-income countries in that it heightened income inequality. 35 In fact, a latest UN report concluded that capital flight was undermining growth and economic development prospects, and called upon African governments to consider a temporary amnesty to allow capital to be repatriated in support of investment and economic growth.
Already, reviews of HIPC are highlighting a rapid deterioration of external debt indicators in a growing number of post-completion point countries [Sun (2004) , World Bank (2006)]. 36 In this regard, the established causality between capital flight and external debt may strengthen ongoing efforts to increase domestic resource mobilization and savings in support of investment and growth, and enhance the long-run sustainability of HIPC threshold indicators.
V.
Conclusion:
In the face of long-run and persistent co-movements of capital flight and external debt, which both increased dramatically in Sub-Saharan Africa, this paper investigates the covariation and nature of the association between the two series, using nonparametric methods and Granger causality error correction models. The dramatic increase of these two series had significant implications for investments and growth in the region. In particular, they have been accompanied by sustained periods of economic downturns characterized by decumulation of capital stock and balance of payment crisis. Ultimately, they propelled numerous countries into a debt crisis in the 1990s, with many of them seeking eligibility to the HIPC initiative when their external debt became unsustainable.
The focus on a causal relationship between these two series undertaken by this study could shed some light on the causes and origins of capital flight and avert another cycle of external indebtedness in countries which reached the completion point under the HIPC initiative. Indeed, the study spans a period of more than three decades and covers a relatively large sample of countries, including HIPC and non-HIPC countries. It is based on the most recent data on capital flight, and hence allows extension of the analysis to the HIPC completion point era, when a number of severely indebted countries acceded to debt relief.
This framework also assesses the nature and the existence of a possible long-run relationship between the two series. This assessment is undertaken by first applying the Spearman Rank Correlation test to the data. The application of this test to the bivariate time series reveals the existence of a direct positive association between capital flight and external debt. The nonparametric rank correlation test rejects the null hypothesis that the distributions underlying the movements of the two series are independent and identically distributed, in favor of the alternative direct positive association. Under this alternative, the underlined co-movement of the two series is consistent with inference from revolving door models, especially to the extent that debt-driven or fueled capital fight or alternatively flight-driven or fueled external indebtedness require that the two series have a common trend.
At the same time, revolving door models implicitly assumed the existence of causality and possibly dual causality. This assumption is tested using Granger causality error correction models as the Phillips-Perron Unit Root test reveals the presence of a co-integrating relationship in the distributions of external debt and capital flight in the majority of countries. While the null hypothesis of non-causal relationship is rejected, the error correction Granger causality test overwhelmingly 36 A review by the World Bank Independent Evaluation Group conducted in 2006, found that the key indicators of external debt sustainability have deteriorated significantly and quite rapidly in a sizable number of post-HIPC Completion Point countries. In some of these countries, these ratios once again come to exceed HIPC thresholds. This evaluation concluded that debt reduction alone is not a sufficient instrument to affect the multiple drivers of debt sustainability, and call for investment booms in support of export diversification, sound fiscal management, terms of new financing and improved public debt management. However, the success of these measures will be mitigated if fiscal and public debt management initiatives do not emphasize policies to prevent and reverse capital flight.
favors uni-directional causal relationship between the two series. In particular, the causality runs from external debt to capital flight in numerous countries. Moreover, the significance of the error correction term points to a long-run causal relationship between external debt and capital flight.
However, though consistent with the debt-driven and fueled capital flight hypothesis, the established causality may provide only a partial explanation to the capital flight hemorrhage afflicting the SubSaharan Africa region, especially, given the magnitude and the excess flight capital over the stock of external debt, and the continued expansion of flight capital even when external debt is controlled for. Additionally, existing empirical studies also highlight the hysterisis in capital flight in the face of improved macroeconomic environment and reduced volatility. In this regard and by way of furthering understanding of capital flight dynamics, future research could investigate the proportional variation of capital flight that is accounted for by accumulation of external liabilities and the threshold at which capital flight may become extremely costly for growth using sensitivity analysis. Tables   -150   - Congo, Dem. Rep.
Annexes: Relevant Figures and
Congo, Rep. 
Number of lags Number of lags
Note: F-test results are given in the first line, the probability values are given in the second line. If the probability value is between 0.05 and 0.1, we reject H0 at 10 percent significance level (shown with *). If it is between 0.05 and 0.01, we reject H0 at 5 percent significance level (shown with **). If it is less than 0.01, we reject H0 at 1 percent significance level (***). 
